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“

Aninvestigationwasconductedtodeterminetheeffectsof
ccmpreesibilityupontheaerodynamiccharacteristicsofa 5-inch-chord
IW3CA16-o(wairfoilsectionhavinga 32.9-yercent-chord.flapwith
a 20.7-percentflap-chordnoseoverhangenda 1.8-percent-chord
unsealedgap.AirfoQliftandyitchingnumentendflaphinge
momentswereobtaiqedoveran80angle-of-attackrangearila
flapsrglermge of14°fromaMachnumberof0.4uptothemsximm
(choking)Machnumbersthatcould‘betittainedforeachmodel
configurateion. ,

Theresultsshowedthattheelevatoreffectivenessdecreased
withincreasingMachnumberad thatflapbalmceincreasedrapidl.y
withincreasingMachnumber.Ad&ltionsldataobtained.withthe
airfoillead3ngedgerou@enedindicatqda,seriouslossinthe
rateofchangeofairfoilliftwithflapangleformall.flap
deflectionsatKU subcriticalspeedsanda largeZncreasein ..

theflapoverbalance.Beyondthecr$ticslMachnu?.iberabrupt:
changesoccurredintheaerodynamiceffeqtsproducedbydeflecticm
oftheflap.

INTROIYUCTXON

Reporteontheperfozmsnceofhigh-s~ed.fighterSdrph.nes
endrecentwind-tunnelinvestigationsathighMachnumbershave -‘
indicatedLmge adversechqes inccmtrolcharacteristicsdue “
totheeffectsofcompressibility.Thetestsona ~-imh-chord’
two-dimensionalflappedNACA16-009airfoilreportadhereinazze“..-
thefirstofa serzesoftestsbeingconductedintheLangley2&inch
~@-SpOGdtUllIleltoInvestigatetheseeffe~t~. :.- .- . .“: - .-

.
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Whena,afj@ c1 areusedassubscriptsout@dethe .
lerentheses,theysi@f’ythatthequantityisheldoonstant.

AI?PA3ATLEArmTXSTS

ThetzmtswereconductedintheLangley2k-inch–&ll-speed
tunnel,a closed-throattunneldescrtbedinreference-l,Recent
modificationtothistunnelwhichreducedthemodelspanexpoQed
totheairstresznfrma24to18inchesisdescrtbedInreference

1

.
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Themodel,whichwasmadeofsteel,wasa .qmw&tcsleirfoil
withanliACA16-009profilemodii’iedtohavea 32.9-p@cent-chord
flapwithanoverhangof20”.7”percentoftheflapck~d. The
1.8-percent-chordgapwasunsesled.A crosswctionofthemodel
isshownasfigure1, Theairfoilortinatm?exce_ptforths”parti
affectedbytheflapnoseshape,maybefoundinrefergnce~, The
airfoilcompzetel,yqmmned.thetestsectionjpassingtJxrou@zbolos
intheendplatesinthetunnelwalls.(S6e.fig.2.) !l’heseholes
hadtheseamshayeasth,~.@i*fo21 pyofile,butwereslightlylarger
thanthemodelinorderto”&ovideclearance; —

.

.
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Airfo~liftendpitchingmoment
a spring-t~ehaleacesimilartothat

wereobtainedbymeans
describedinrefwence

Flap-e momentsweremeasuredbymeansofanelectrical
str~n-gagesysttimountedonthe@Unce.

of
4.

Theforcesendmczuentmweremeasuredaveranangle-of-attack
r~e extendingfrom-X +06° anda.,flapdeflectimrangefrom
-9*P+0h.30. “

. . ..—

Atenangleofattackof0°endatflapdd?lectionsfr~
-1.7°to -9.7°additionaltestsweremadewiii5csrlorundmparticles
(O.003to0.005inchmadmnmdZmension)enibetdedina coatof
shellacw~ch hadleenaqliedtotheupperendluwersurfacesover
atidthextendingfromtheleadi~edgetoe.pp~oximatel.ythe8-yercent-
chordstation.Thesetestswe~emadetosimulateenoperating
conditioninwhichbourdeq-layertransitionoccursnew the
leadingedge,Inful.1-scQeinstallationsthisccnditionfrequently
existseitherasa resultof~r-stre~t~b~ence% ‘Wf‘e ‘.
irregularitiesor%oth. . .

TheMachnum%erremgeforwhichthete~tsweremq3eextpnded.
approximatelyfromO.hOto0.85correspondingtoReyioldsnumbers
froma~roximately.1,100,000tol~900J000~ .’ -

FACTORSATFECTINGTESSRESULTS

Tunnel-WallEffects

Sincetunnel-wellcorrectionssroknownfromboththeoryand
exper~”n~tobemushinthesubcritical.qseed~=ngeforthe.maEJU.
ratioofmodeltotunnelsizeofthlainve~tigaticmandsinceno
rigorouecorrectionhasasyetbeendeterminedforthesupercriticd.
~peedrange,theforcetestdataarepresenteduncorrectedforthe
effectsofthetuanelT7slls. Asshowninreference2,en5.mpotiant
constrictioneffectinthesupercriticalspeedrangeisa increaso
intheeffectiveMachnmibertoa value~oaterthapthatused
heroin,whichistheMachnumberofthetunolairstreamjust
eheadofthemodel.Neertheliniiti~,orchokh.g,Machnumber,
however,evenmoreseriousconstrictionofloctsoccur,asdiscussed
inreference,2.Inthopresenttast~surveys(sWlertothoseof
reference2)ofthestaticpressure&l.onGthetunnelw& indicated
theonset& thosoeffectsatMachnmborsapprox~~~ 0.02to
0.03%O1OWthechokingMachnumber.Thedatayoseritedhoretn
are,thcrefcre,questionablewithinthissyoedrqe. Ingonoral,
thehigheetMachnumberforeachmodelconfi~ationshowgin the
figurescorres~ndstothechoki~condition. ‘ ‘

—
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Effectof.End=P3.#~e.Gap .‘ .. .
... .

DuringthepresenttestsGxika@“occuiredbetwetithetest
fiectionendthesurroundingtestchenitkrthroughtheend-platega~s
atthe$mcture%etweenthemodelandthetunnelwall.Theeffect
ofthisleakageuponliftandpttching-mcmeatcoefficientisshuwn
inreference1 bya comparisonof.forcetestdatawithend-plategaps
endessentieJ&two-dimensionalpreesure-distri?mtion-dataobtained
intheUu@.ey24-inchhigh-speedtunnel.Althoughtheabsolute
valueso%tainedbythetwomethodsdifferb sane’extent,theresults
=e inagreementasre~ardstbeeffectsofccmpresetbilityand
thereforenocorrectionforendleekage.hasbeenappli4dtothe “
data~esentedherein.

Atthehighertunnel

..
.,.,

“Hu@dityEffects

spebdatherelativehumidity,ofthe .
atmosphere,fromwhichtheairinthetunnelisdrawn(reference1),
was”foundtoaffecttheliftendmomentsundercertaincondition.
Eowever)’avelueofrelativehumidityhasbeendeterminedbelow
whichnomeasurableeffeotsexist.Thehigh-speeddatacontained
hereinwereobtainedwithrelativehumiditiesleesthm thisvelue.

RESULTSAIIDDISCUSSION

Lift

Theeffectofccmmre~sibi.lityontheliftcharacteristicsfor
constantangleofatta6kandflap-angleispresentedinfigure3.
Theradicslchengesinliftcharacteristicsshownatmiporcritical
Machnum%ersundoubtedlyincludetunnel-w~effects,sincethe
Machnumbersinvolvedarenearthechoking,cmn.dition..Theseeffects,
however,me believedtobeillustrativeof”thetyyeofphencmenon-
likdytooccurathighsu~roriticelspeeds.Effecteofthis

● naturearecausedby~apidpressurechengosaccompsmyingthe
rearwardmovementoftheshockovertheairfoil.

Thesactionliftcoefficient.isshowntia functionoran@e
ofattackforvariousMachnumbersinfigme-4.Thevariations
withMachnumler in theceliftcurvesareconsideredntirmelfo~’
thisedrfoilsection.

Formallflapdeflections(*2C)normaldecreasein (3c@bf)a
occurredat,m& h$gheyeed.(Seefi&.~(a).) Anincreasing10ss
inslopeasthe”flap’isdeflectedfurtheratthesespeedsieevident.

—

—

.
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still.&eaterdeflectionoftheflap,however,theslopesbecome
greaterthanthelow-speedvalues.Theseeffectsmighthe

partlyattributabletothe~eculiariti.esofthesectionatthelow
Reynoldsnumbersofthesetests;buta deoreaseinslopeforsmall
flapanglesfollowedbyaninoreaseinslopeathigherflapangles
hasbeenfound.inotherinstanoesatsupercriticalMachnumbers.

Thedataoffigure~(b)showthattheleading-edgeroughness
resul~edinmarkedreduotioninthe (&@f)a forsmallflap
deflectioninthesuboritioalspeedrange,Therapiddropin
(~oz/b~f)athatoccurredforthesmoothmodelabovea Machnumber
of0.7near~f=-5°(fig.5(a))didnotoccurfortheroughened
modelinthesameflap-emglerange.Also,theforcechangesat,high
Maohnumberwerelessseverefortheroughmodelthanforthesmooth
modelasa resultofthethickerhouti~ kyer~ Eowever,due to
thedifferenceinthevaluesofthelocalskinfriotioncoefficients
inturbulentfluwakhighand’lowReynoldsnumbers,theflapboundary-
layeroondl.tionswerepossiblywors:~hanthosevhiahexistatflight -
Reynoldsnuber.

TheUf’t-ourveslopesofz@Ir6”6,whiohareforsmall
angl.e-of-attaakandf3q--an@eranges,resultedi,na flapeffec-
tiveness(&@8f)cZ+ OrO* 0.46ata &h numberof0.40

(fig.7). Thedataofreferenoe5 indicatethatthislowvalueis
theresultofthecombinationofa largetrailing-edgeangleanden
unsealedflapnosegap.Withincrqasin~speedserious10BSofflap
effectivenessoccurred(fig.7); (aup5f)ct=o fallsto0,22at.a

I&chnumberof0.80,aboutone-half,ofitslow-speedvaluee,
.,..

IncludedinfiguYe7 forcomparisonwiththeresultsof the “-
sub$ecttestsisthevalueof (&@bf) o obtainedbyanempirioa”lCzs
methodbasedondatafromtestsatMachriumberenear0.1andat
Reynoldsnumberswhiohwerehigherthanthoseobtainedinthepresent

—.

investigation.

Variations

(Seereference-6.)

PitchingMoment

inthecmaz’te~hordmomentcoefficientwlthllaoh
numberforoonstantan&ar oondfitionsaresho~m”infigure8. The, curvesofmomentcoefficientagainstliftcoefficientatconstant- -
flapdeflection(fig.9)indicatelargecente~f-pressureshifts
forsmallliftincrementsnear C2= 0.3 evenatlow@peed.In
ordertoshowtheoente~of-pres.sureshifts,atleastqualitatively,.
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theveluesof - wereP1.otted.forthreelift“ccmfficishts

ac~/5f . ..
inf’iglu%lo’.”

“.- .. .,.

The@srter-chordmomentcoefficientissh~ asa’function.
offlapdeflectioninfigureXl.(a).Thoret%a lsr~~dlfferenco
betwemnthemomentcoefficientsfor bf= -6 and-8 ata.Mach
numberof0.8. ThtI Uffirencmisproducedlothly.a changein~
liftcoefficient(fig,3(b))ti%y aree&v&dshil%:in’tho
centerofpressureforthi13~oflap-aggloincrcmontqThis.trendj
togotherwithtlwfactthatreldxl.v@highvaluesof (apZ/&if)a
wereattained“atflapdeflect&sheyotid-6(’(fig.~(.a))~inucates
thatmarkedimprovaumntintheflcn.oiertheflapoccurredasit .
wasdefloctcdtothehigheremgl.es. ..

A eompsr~sonofpsrt s,(a)qd (b)‘ofZiguroU showsthatt~o
effect“of-theroughenedLemiingec%qewastodocreqae:”themarmnt
coefficientsend”toreduce“thesever~ty”ofthe”changesjn ~ c/4. ,.
whichoccurredatveryhighsyeedsformodi.wmflapdeflection,“

.

.

T?meffectsof’compressibilityonthe-fla~sectionhi~o-rnoment
coefficientforconqtantemgularconditio~_are.~esbntedIn ‘.
figuro12. Pressure-distributiondataandschlierenflow
photo~aphsobtainedinthoLangleyrect_e.rhi@~y~od tunnpl
ininvcmt’igationsofotherflappe~airfoil~”have”shqthatabrupt
chsngbsinhinge-momentc~e’fficientoccurr6dwhenth~criticals~eod
wasexceodod.Theseoffoctswerefofidto&risefrcm.ithepassage
ofshockwavesacrossthoflap.Thovariationsofh@ge-mcmoni
coefficientwithemgleofat%ckfora flapangleof0,3°andwith
flapdaflecti.onforanan@cofattackof0°am showninfi~~os13
bmd14,respectively.Comparisonoffigwr~s14(2)O@ 14(b)shows
thatthe&Ldition-ofroughnesstotho@rfoillecding’edgeygsultod.
ina Mrge Increase In theIxSlemceforallspeods.Inthiscase,W“
wastrue-forthe-liftandpitchingmoment,alossabr@tchango
Inslopeinpassingfromtholowtohighflapdo:~ections(-4°to-8°)
wasobtainod. ..’

e2-c3@*onInfigure’15.Thesesioje”s;eachofwhichisthemd.ue
for a = 0° end5 = o.~o, applyovoravo~yliyd.ted”rangeof@o
ofattackandflap.dofloct+onasisevidentf’qnfi~es 13”and14.-
Estimate-dvaluesof f (~c@%)aobttincdJXCom ‘@ch ~}~foand
empirical.methodsprosentedinreToienco“6We includedinfigure15.

—

—
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Reference6 showsthata W y& ofthe%otslaerodynamj.c
wasduetotheSIMUnoseoverhaug;thegreaterpea%waadue
hightrailing-edgeemgl.einthepresenceofanunsesledgap.

7
... .

lmlsnce
tothe
The

tendencyfortheflapbslancetoincreasewithincreasingMachnumber
atsubcriticalspeedsisbelievedtohea chazzacteri.sticofflaps
with.relativelylsrgetrailing-edgesngle&,althougha l~~e flap
nosegapprobablyau@nentsthistendency.Muchlessincreaseend
evena decreaseinbaiancewithMachnumberhasbeeqfoundfor
IUOddS”haViZ3gV~iOUS ~O~tS of,nose‘Oyerhang?flth-er trail&&
edgesngles.Refeienoes”7and8,which-presentresultsof*estsof
three-dimensions2models,showthatforelevatorshavingO-mrhangs
of30endW percentofthechorclbehindthehingecerhe.rlineand
trailing-edgear&l_esof32°and13°,“respectively,,adecreasein
balemcewithMachnuderwasfound.

. .

CONCLUSIONS

,. .
TheresultsofthepreBenthigh-&eedwindytunnelinvestigation

ofa 5-inch-chordNACA1.6-009airfoilhavinga 3&.9-~ercent-chord
flapttitha 20.~-percentflap-chordnoseoverhq,snda 1.8-percent- .:.
chordunsesledgaycanbeswmnsrizedasfoJJows:

1.Theelevator-effectivenessfactor(aaPf)cz=ofor small
angle-of-attackcui.flap-angleincrementsforthesmoothmodel ‘
was0.46ataMachnum.erof0.4%uthaddecreasedtoa vd.ue
of0.2!2 at alvlach n~ber & 0,8. -,..

2.Theaeinodynsmiclklm.ncefor~heflaptestedInc&easedwith
incre~singMachnumbersinthesubcritical.s~eedrange.Beyondthe
criticel.Machnumbera3r-&ptchangesi=thehinge-mcmaentchsracterist~cs
occurred. —

3.Thepresenceofroughnessontheleadingedge@rodqced(a)a
merkeddecreaseintherateofchangeofliftandquerter-chord
momentcoefficientwithflapangleformia3Jflapdeflections,and
(3)alargeincreaseintheaerodynamicbalanceoftheflap.

LangieyMemorial.AeronauticalLaboratory ~
NationalAdvisoryChxmd_tteeforAeronautics

LangleyI?ield,Ta.,June9, 1947 —

.
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NACA TN No. 1406 Fig. 3a
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Figure3.- Variationof sectionlift coefficientwith
Mach number.



Fig. 3b NACA TN No. 1406
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Fig. % NACA TN No. 1406
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NACA TN No. 1406 Fig. 3e
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Figuqe3.- Continued.



Fig. 3f NACA TN No. 1406
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NACA TN No. 1406 Fig. 4
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NACA TN No. 1406 Fig. 8a
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Fig. 8b NACA TN No. 1406
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Figure 10. - Variation with Mach number of the rate of
change of airfoil-section moment coefficient with
section lift coefficient. Sf = 0.3°.
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NACA TN No. 1406 Fig.12b
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Fig. 13 NACA TN No. 1406
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